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ABSTRACT

A FURTHER INVESTIGATION OF THE INFLUENCE OF
WHOLE-BODY VIBRATION AND NOISE ON TREMOR
AND VISUAL ACUITY

) OBJECT

To determine the aature and extent of changes in visual acuity,
manusi tremor, and siming tremor undar the influsence of intense
noise and/ox vibration,

ha8ULTS AND CONCLUSIONS

Differential effects on performance were obtained during expoeure
to diffesent intensities and frequemcies of vibration. Performance
was most affected by the lower frequencies of vibration. The most
clear-cut differential effects betwaen different amplitudes were ob-
tained at the lowest frequency {10'cps). No poei-vibration effects
were poticeable after 150 minutes of vibration, and no variation in
performance could be attributed to noise, either during or after
Exposure.

RECOMMENDA TIONS

The results of this study indicatz that visusl acuity is impaired
and both manusl tremor and aiming tremor are increased during vi-
bration. Performance or taske requiring hand -eye coordination,
such as driving in narrow limits or tracking a tergst, might also be
.mpaired. Wherever possible, vibration in motorized vehicles gehould
ve reduced,
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FURTHER INVESTIGATION OF THE INFLUENGE
OF WHOLE-BODY VIBRATION AND NOISE ON
TREMOR AND VISUAL ACUITY

L ISTRODUCTION

T2 a pravious experiment (8), a pumber of psychashysiclogi-
cal tGanzures weze tested as possible indices of disturhance dur -
ing or afiar sxposurs to whole-body vibration and noise. Most
of these ineasures including tasts of tapping spead, mirror trec-
ing, simjle and chotice reaction time with and without waraing,
strangth of grip, blood pressesve, and pulse rate, wexe little of-
{ectad Dy noiee or vibration. Two measures, howsver, varied

- considerably with the sxporimental conditions, Visual acuity
was noticeably impaired in proportion to the amplitude of the
vibragion. Tremeaer, in a supporied hand, incrsased sigaificantly
under heavy vibration but not uader iight vibration,

It has been known for soms titme that vibretion produces an
impairment of visual acuity. Coermann {l, 2} and Stevens {11)
believed it to be & pureiy mechanical effect, Cosrmean reportsd
that the extent of imphirment at any frequency tends tc be direct-
ly proportional to the amplitude of the vibration, He aiso stated
that at say given amplitude of hesd vibration there are apparent
resonance points, or pecke of imphispnent, et varicus freguanciss.
Most of his subjects showed two such peais, one Zetween 25 and
45 cps and the ether between 60 and 90 cps, ths litter being most
pronounced (1). In snother papar Cosrmann suggested that there
is only one such resonance peak, genarally between 50 and 89 ops
{Z). Crook cud is asgociates save demozstrated that vibration
of the visusl field produces an {zapeirment of visusi acuity (3},

‘ jl'hh impairment {2 smallar than that prodaced by a coraparable
vibration of tae body or head, perdaps (ue to the resomsncs phé~
nossenon describod by Cocrmans,

A number of investigators have atudied the sffests of nuine
on visusl scuity or om the visusl contrast threshold bxt thay do
net agree on the effects produced (7). Some rapevt a general en-
heacemant of visual acuity (4), Others report an eakancer:ent
of risual acuity for black ohjects om & white fleld and an impair-
ment {or whits objects on a black field (). A previous investiga-
tion (8) by the present author demonstrated no such effscts.

Coermaenn found an increased manual tramor under light
-wrion aad a somewhat smaller incecase under heavy viura’
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FURTHER INVESTIGATION OF THE INFLUENCE
OF WHOLE-BCDY VIBRATION AND NOISE ON
TREMOR AND VIBUAL ACUITY

1. INTRODUCTION

In a pravious sxpeziment {8}, a number of psychophysiologi-
cal meazures ware tested as possible indices of disturbance dur-
ing or aftar exosure to whole-body vibration snd nofss. Most
: of thess measures,including tests of tapping specd, mirror trac-
i ing, simple and choice resction time with and without warning,

strength of grip, blood pressurs, end pulss rate, wexe little af-
fectad by noise or vibratien. 1wo meascres, howsver, varied
considerabiy with the axpsrimental conditivns, Visual acaity
was noticeably impsired in proportion to the amplitude of the
, vibration. Tremoer, in a supporied haad, incresasad significantly
| under heavy vibration but not usder light vibraticen.

b« It has 2esn known {62 sutne time that vibration produces an
impairment of visual acuity. Coermasa {1, 2Z) and Steveas (11}
belicved it to be & purely maclkanical offect. Ceermasa reportsd
thet the extant of imphirment at say freguezcy tends to be direct-
ly proportional to the smplitude of the vibration. s also stated
that at aay given amplitude of head vibration there are apparest
resonanse poinis, or s of impiirmasat, at vazious frequencises.
Moot of his subjecte s two such peaks, out bitwean 25 and
45 cps azd tha ether between 60 a5d 90 cps, the lattez belng mest
pronounced (). In another gapar Ccermamn suggasted that there
is only one such resonance psak, gensraily batween 50 and 80 cps
(2j. Groeok and his assaciates have damonsirated that vibration
of the visual field produces an hnpairment of visual acuity (3).

" This irpdifment is smelisr thap thiat preduéed by & comparable
vikration of tas bady ox head, perhaps (G2 te the recusance pie-
somenon daicriked by Cocmmaxa.
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A sumber of investigators have studied the affacic of noise
ox 7visual acuity er on the visual cantrast thresheid Wt thay do
net sgree on the effects produced (7). Scme raport & geseral -
hascement of viteal acuity {6). Othars repor: an exhancement
of visual scuity for black ¢hjeito cu & white fleld and ar irapair-
mant for white objects om ¢ black field (6}, A previous invsstigo-
ton {8) oy the prasest author demonstrated no such effects.

Coermsan found an incroased wanus! tramor uader light
Aurstion and A somewhat smailer increase under bzavy vib-«
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Visual Acuity

As in the previous experiment (8), the stimulus o'«
- r visudi acuity measurements wus the projected image of a Kond
ruling placed 10 feet from a subject and sean througk a circular 8pe:
ture 2. 2 centimeters in diamater, The image was 1, 63 foot-iai Larts
in intensity and consisted of alterrate black and white bars equsi in
width. The coarsencss of the grating as well as the orientation of the
bars could be altered by the experimenter. #

The test object was first profected #o thet it was easily
visible to the subjact who was told to indicate with an eleceric aig-
naling device the directions of the lines. ¥Fanr orisntations of the
grating were used: norisontal, vertical, and two diagonal positions.

At any givan coarceness each of these orientstions was presented

twice within a random order, The coacrseness of the grating wse
progressively reduced until th¢ suhjsct reported that he could no
longer see bars and apaces. At this point he wae still required to
guess the orisnletion of the laes of the grating. The 1ust satting of

tne grating at which tha subject made two corsect identifications of

the horisontal urientzi.cn was *when ay his thrashiold, BSettings wzze
read directly from the szals gttr thsd tc the Clanon rejector. The
scile i{s based op decimal acuity. (Decimal acuity readings are ciinical
meusurements conve-ried to decimals, Thus, 20/30 vision corrasponds
to a decimal acuity ¢ 1, 00; 20/40 to an acuity of 0.50, etc.). The
subject's chances ¢f gussaing correctly the orieatation of the grating
at any given zatting was tmly cae in sixteen, amd at iwo consacutive
sottings only one in 286,

5 L. Comditions

v 1. Vibration

The source of vibration hi s buen described in a previous
report {8). Esaentially, it censisted of 3 ssav-squipgsd platiorm
which vibrated sinuscidaliy im & veriical plare at irzqusncies raxging
from % to 40 cps st peak-to~pask asaplitudes up to ose-half iach. In
s preliminary sxperiment amplituéa thrgshelds of fmmediste enxcyance
aud andurability were detexmined with 1) lakizatory peresnnel at
traquencies of 18, 25, uné 35 cpa. The thresholds are discussed
later in the report. it ssemad daslvable to astakiish two leveis of
vibration (x "iight” and "heavy? lovel), varying in degree of dis-
rarbinsa o the suhivst, and net likely to be injurious over 2 2 1/2
tour period. The “light! level was astablished at the mean annoyance
thresrhold, while the heavy level vopreaented the arithmetic mean of

-
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shhoyance snd endurability thresholds. The 'light" leveis tho -

“ained gave root mean aquare (rmw¥) values of 0. 024 {nch at 15 <,
¢ 012 inch at 25 cps; and 0,611 inch at 35 cpo, The '"heavy" levele
iema) were 0, 04 inch at 15 cpa; 0. 020 inch at 25 cps; and 0. 019 inch
at 35 cpe. The ' light" lavels were picked as levels which wouid be
st lenst mildly disturking to ihe subject. Since the threvholds were
secured at min:mum exposure, it sesmed doubtful that subjects would
endure the 2ndurabie or "barely tolsrable" lavels for an extended
period or that such exposure would bs advisable. The mean of thz
anncyance snua tolerance thrashold was therefore estabiished as &
more than annoying, or "heavy" level, Onme-third of the subjects were
vibrated at 15 cps, one-third at 25 cps, and one~third at 35 cps. All
subjects were expossd to both the "light'" and "heavy" levels of vi-
bration at their respective frequencies.

2. NMatee

“Light levelis of vibration previously described produced
ro more thax 95 decibels of xcise azd the "heavy" lavels produced no
more than 105 decibels of noise. In the noise condition of this study
s recording of the platform noiss wae played at 115 decidels. (Thic
is a change from the sxperiment diucribed przviously (8) ic which a
98-decibel noiee source was used.) The recording waa made ox an
Ampex recorder and played through a Bogan amplifier and sn Aitec-
Lansing coaxial speskar. The platform nelss ke 2 relatively wide
frequenyy spastrim concentratad principaily below 1000 cps. The
measurement of 115 decibalie ‘was taken at the poeitios of the hasd of
ths subject ia ¢ free fiaid with ax H. H. Scott souad l4vel mater,

3, Contrel

W he control condiNas thors was no vibration and no
noise except ambient notse which varied betwaen 60 and (5 decidels.

C. i)uim

Table 1 lists tha soquances of test conditions used in the

study. Thare ware 24 possible condition sequencas and 6 possible
test saquances - & total of 144 test conditiona, Although the samae
combinations for each of thres vibration frequenciss would have been
desirable, a total of 432 subjects and an inordinate amount of time
would have bser requirad for complate counterbaiancing, In practice,
| test saguence was puired randomly with each of 6 condition saquen. -
"+ wepe sssumed that the order 2ffsct from the secord to the third

. tion ir 8 scquence {overnight) i3 less than that from the f,
to acd or the third to the fourth {within aday}. The s n ces
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©1 were selected counterbalance ordex effacin within a gives *

TARLE 1
EXVERINEXTAL S8EQUENCES
| SEQUENCE OF CONDITIONG® : SEAEACE OF TELTS®
Day 1 Day 2 2N
Qe are »ye 5 3‘
Ly " Ave o
o T w
. M vl
oL m RVA
) e ny

*Ecuk of thy abave 3 esmbinaticas of cenditien sewvences wd test Sagienss Vv
utilizsed for ons  SRIGRR. 10 000k LI0MANEY REMD. Sinee there wore thres
frommeany sraups {3t 15,85, ek 38 omed, @ teasi of 16 conhinations of swquenins
o8 frequinuies wes wtilliued. A ronden order of these 18 wow ontebliched wad
ouch eubjeut wua assiieed to « cosbination in erder of crrivsl at the lsheretery.

"R o KIREE hraners” MY VANZULIRN Pt Vibsettens, B Meteal .y

Thrae successive repetitions of sach test constituted an
experimental trial, Trial A was administered prior to exposurs to
a condition; Trial B at the baginsdag of exposure; Trisl C afier 40
minutes of uxposura; Trial D after 80 minutas of exposurs; Tzial E
2 hours after the baginning; and Trisl ¥ tmmediately after cessation
of exposure. The averags {ime psr trial was 20 minutzz, and all
exposures were for 2 1/2 hours. It was feit that if 4 trizls weze
spacsd rather evenly throughout axposure, temiporel dhanges during
exposuve would become appsrent.

D. Subjecte

Thae 18 subjsctas wure trainees from the Armored Center at
Fort ¥nox. They were botween 18 and 23 years of age, in good
physical condition, and within the normal ravje of intelligesce. All
appesred to understand the instructicns.

¢

R L

. RESULTS
A. Teresholds

Table 2 summarises threshold data obtained for 13 pro-
fessional end technical members of the Inboratory staff, Standard
deviations and stendard errors of manng are inclyded only ns a matter
.{ general information. They cannot be usedsto test significance o
‘ti-rences aince all means were obiained for the same 13 peaple
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<~ 8 given are ampiitudes of platform vibration Ihe
0t seat vibration are somuwhat smaller than the stated ar
tudes dee to lack of rigidity of the tank bucket scat, It is notew »

that thresholds were considerabiy lowerad hetween 15 and 25 cps.
but were almost the same at 25 and 38 cps.

TANLE

R.M.5. % THRESROLDE OF “ANNOYING® MG *BARELY TOLEWABLE'. VISRATION
{Figores are inches of amplitvde of plutfora vibrarisw)

13 o 28 oye 3 pe
A ./ A? n A* F o
L] 084 0338 012 2% 011 027
7. 0015“ .021 sm 0017 om .019
% D013 0017 RN G4 0007 L0010 .

‘R.H.8. Z.Reot lem Stuare.
A= 'Rimeyenow’ Thresheld.

BT =. ‘Burely Tolerchle® or ‘Dadurebility’ Thrashold,

B. Visual Acuity

Figure ! and Table 3 prassat the thresholds of visual acuity
hefore, during, and afier exposura to the expsvimonial condirions,
Table 4 indicates the sigui ficance of the changes. Variancas due ¢o
expezimental trial and sxperimentil conditions were significaat b2yond
the 0. 01 level, while interactions of these variables and iateractions
involving the frequency variables were generaily significaat. A
further analysia® indicated that during exposure sither to light or taavy
vibration visual acuity was imapaired cignificanily. The difference in
impairment betwaen light and heavy levels was considerable and con-
sistont on repeated trials at 15 cps, As 25 and 35 cps, differences
were emallsr and not conslgtsnt. Impairments ware considerably
larger at 15 cps.

There were no systematic or significant differences between
trials during sxposure to the expsrimental conditions, nor were there
any appareat changes rusulting {rorn sxposure to any expeyimental
condition, The noise empioyed in this axperiment did not significantly
affact visual acuity,

* Availabie on rajusst,
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TABLE 3
EFFECT OF KOIZE AdD VIBRATION ON vISuaL ACUITY
Youmms and Norgeo of Viewal Aowity*
Wmﬁ.w

Contzal Ligat Yidbretica
Pre-~ Nat- T Post-
| F\rumroy Expesurs | Ewpesnrs Rapeowre | Iepasure Fagenure Bepssure
L] R{N R I N RI1M , & N ] ] R
15 1.001 0.54] 1,08 [0.97 | 1.08 J6.39 1,051 0.81 | 0.9 {0.17 [2.84 [0..3
% 1,00 €.4511.08 10,48 11,00 {0.48 | 1.00 0.28 0,06 ;0.42 [1.01 l0.28
a3 4,02 0,598 L.11 [e.s8 11,10 Jo.18 ] .08 0.18 | 091 0.7 [1.04 |0.25

Fowvy Yibestisn Nelne
Frogweey Pro- Dove~ 7 Nst

(ops) | Bposure | Drpesvre | Rposarw Kepesure Oxpesure | Zpesure

1 13:88] 6,24 ; 6.0 [0,20 {1.01 |n.99 1.041 0.32 j 1.02/0.27 1.0 Jo.¢7

M 1.000 .83 19.0¢ Jo. 58 [1. 0 (9. 511,91 0.20 [0.97 10,08 [o.09 Io.5¢
TR TR N T LB MRN: NN AN ’

e NV . - b
* Devtincl Units
TR ¢
EPPICT (5 FOIAR ANG VIPRATION ON YINWAL ACTITYY
Swmery of Jenlyie of Yarisnae
Torne B ., ©s. e o Sig
A. Subjects in snme ]
froquesoy gronp 18 49
5. Froquaneion 3 1.6 .4 ) e
o C. Sabjeots 17
{ D, Cendittoms e ae » <u
s E Triels s A B B <
b e ) M oets K2
o ® . 1908 5.9 B <wn
02 = » 0900 “ ” <
3 . <,0
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<.  Manuai Tremor

Figure ¢ and Table 5 prescent means of manuat trec 0
befure, during, and after exposure to the experimental condition-
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TABLE §

LFTECTS GF NOISE AND VIBRATION OR MANUAL TREMOR IN A SUPPORTED HAND
Neans and Runges of Heusual Trewor! i )

Expesure Coadltions
Cemtrol Light Vibration
Vibratiea Pre- Pest- Pre- Pout-
Fraguency | Empesure | Expesurs | Expesure { Expesurs &w Exposure
(cpe) ] R} X RIN RI WM R in | R
15 10.7 185,01 3.5 | 10.0{3.1 }5.0 ]3a.¢ |10.7 [54.) {208.0 1 4.2 $
25 9.4 [18.0} 8.7 } 2.8]1%.4 0.7 12,3 127.0 113.6 ] €0.2 |7.2 | 12,3
38 6.2 118.3] 5.8 | 9.312.4 [7.0 |Ss.3 {107 &8 V247020 ] 7.7
AR ]
Hoavy Vibrwtion Noise
Vikration Pre- Pont- Pre- Peute
Frequemey Expesure Expesure Epesure | Expoawre Expesure Ecpesure
(cpe) L} R} M | U RN R N R X |
i3 10.3 [98.0j112,47968.9 4.9 8.7 J00 JOS T RO JR20 0.0 ]4.8
25 13.5 120.3{ 0.6]104.718.8 [ 0.7 [8.C j83.7 ] 2.4 ] 240 |8.4 DN2.Y
4.7

* Contacts (n & 60 seaead peried,

TANE ¢
EFFECTS OF NOISE AND VIBRATION ON MANUAL TREMOR IN A SUPPORTFD MAND

Sumery of Jaalpais of Yarimee

Terna DK N.8, F. B Bigu.
A, Sobjeots ia Bowe
Froquency Growps 13 24,018
B. Frequescies -t 75,888 3.04 A -
C, Sabjects 17
D. Ceonditionn .48 R A <,01
E. Triale ] 13,%1 .58 x <4l
e i $,48 418 AE <91
w ] 4,108 LN AD <0
. 4 ic 8,128 3.0 L <0
BE 3% 3.5 .06 ADE <.01
D & 9,588 T e <.01
; AR ” 1:.341 1.9 A% <.0
ADE 215 1,208 4.8 A A A <,01
Sithin Varlezce 4 %3 _
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:j:«'.:: ' b summarizes the analysis of variance. Variance betwern
’:i:}}: 1tis, between experimental conditiony, Jhe interaction of these
‘v variables, and the interactions of fruquency with these variables

L) were all significant heyond the 0.0l level. Further treatment of the

anel data* revealed that noise did nct eiviiticantly alter mbhnual tremor.
e The vibration means did not differ significantly f{rom the control,
}:{};: nor was there a significant difference between trials during exposure
Vv to vibration. Manual tremor increased significantly while undergoing
, & both vibrating conditions. The significant interaction of frequency

ai X and experimental condition is shown quite clearly in Figure 2. It is
XS apparent that increases in tremor were considerablygreater at 15 cps
,}:}}.} than at higher frequencies, and that the difference in impairment
ey between "light!" and ""heavy' levels was larger and more consistent
\3.;&; from trial to trial at 15 cps. Differences between trials during

H zxposure were not significant,

‘:-ji-_-‘}- D. 4Aiming Tremor

1. Comparison of Tremor Scores in Diiferent Directions

It wag originally planaed that the four tremor scores

N Z:-t would be combined into one. Upon inspection they appenzred to be
K 2 representative of different populations. Sign tests indicated the
L tremor to the right did not differ appreciably from the tremor to the
s left. The tremnor upward exceeded the tremor to the right, and
k tremor downward exceeded tremor upward (both beyond the . 01 level).

Consequantly, the four measures ware a6t pooled,
Z. Effects of Noise and Vibration

Figures 3, 4, 5, and 6 vepresant the varistion of

diffarent componasste of simiag tresnor with the experimental con-
itions. ‘Tables 7 ani 8 list ths means and rangos of vertical aiming

tremor befors, during, and after exposure, and summarines the
analysis of varianca for that measure. DownwsiG tramor was se-
Jected for this znalysis since it sevmad mest senvitive to vibration
effects. It is spparent from Tahle 3 and from extensions of the
ara!seis®* that noise did not 2ffect wiming tremer, but that tremor

nwvailable on request,
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15 Mg Y3e § a0f 30 ise 139 Pas 137 148 Jus (28 |34
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TABLE 8
EFFECTS OF NOISE AND VIRAATION ON DCRlR®ARD AIKIKG TREIK®R
Swnmery of 2aslyete of Vorienoe
Terms D.F. N8, F > Sign
A. Subjeuts in Some 5
Froquescy Growp 38 158.7 ,5:% .
) 3. Frequascias Ky ®l.0 5.3% A <.08 e
fc. Sebiects 1 Cx
D. Cuﬂthw 3 3;!’907‘ ”-82 ID <.01
fe. Trials ] 71%.8¢ 718 & <.01
b s 234.04 3.% RE <91
<) s 7%.42 .14 Y] <.01
n 10 aen 23.42 AE <.01
HE E $3.72 11.49 AE <0
¢ o ( 7.0 3.6¢ - ] <%
3 73 .00 i - 4 “»
AE “ 7.id 3.6 " <,01
* % Yerinaoe 3.7¢

' was increaeed sigmificantly during vibzration. As in the case of the

i other mensures, increase i tremor wae greatest at the 15 cps, and
' the difference in increase Hetween the "light" snd "heavy" iavels was
| greatest and most consistaat from trial to trisl at this frequsncy.

v, DISCUSSION

A. Tolsrance Thresholds

It is not kucsn whather values of avsayance and tolsrsuce
previously regzorted by Reiker and ideister {10) répresent root msan
squares or peaksto-pesk ancpiitudes, Evan if damping is taken into
consideration by muitiplying ali valaes by 2, the vilucs oleined sre
obvicusly higher thain tho Relhar sud Maister thraoholds ox theas of
athor sxperimeaters dincisssd by Janewny (5), Marszyar, the
"heuvy'" lavals are consdarably above the Ruder and Malster tolss-
ance values. Tha thrashold st 15 epe was lowaz than thet regorted
by Miiler (9). %

= a——

* Tolerance values obiained iyhicimr and Maigter ware approxi-
mately . 02", , 007", snd , 002" at 15, *%, sod 35 cps, respectively.
sAnlicr repovied 8 thrashold of 0,2% a: 15 eps.
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the reason for these discrepancies is not clear. #n-

t'.. : «.{ the subjects may account for the differences in the
vterent experiments.  The practice of using ''tolerancs®™ or
‘annayance' thresholds as limiting values of vehicle vibration ir
questionable. Thresholds differ from conc sxperiment to another,
probubly &8 & rescit of the morale and motivation of the subjects,
wardiag of instruction, and othsr undetermined variables. Moreover,
even if sublective thresholds ware consistant and stadle, there wouid
be no logical resyon to assume that such a threshold reprevents a
Hinit of safe vibration. Certuinly, some personnel (e.g., drsp-forge
workers, gun crews, etc), while not aware of possibie effects, are

willing to work Li. nuisy envizecnments which may eventually damage
their hearing,

B. Im&iiﬂmgntl

It appears that visual acuily is impaired and Hotu manual
tzemor and aivning tramosr are increascd during vibration.. There
was a tyndency for these sffects to incresse with amplitude but ‘he
tendency was not consistent at higher fraquencies.

It might be objected thet the "heavy” and "light" amplitudes
at 35 cps were much less than the corresponding levels at 15 cps.
Therefore, if amplitude determined the obeerved decreinent, it
might be expected that the highes fraquenciys would produce less
sffect 2t & glves aubjective level. "Ligat" levels were 0. 024 inch
rma, 0, 018 inck, snd 0. 011 inch at 18, 25, and 35 cps, respeciively;
corredponding "eavy" values were 0. 74 inch, 0,025 inch, and 0, 019
tach. ] Mowaver, the fact that the excuraion was half an grea: at 3%
cpa skonld be commpanaatald {or by the tact that the movements occurred
one and three-guarisrs timss as ofter, Moreover, the effects at 28
cpe were abvicubly emalier than hos. at 25 cps, sven *hough the
acmplitndes were apurasiroataly the #ivae.

Ceourmaaun and sthors have < ointed awt {1, 2, §) dat
transralssion of vibyation k# sppeesi dsly vedussad o Ligher fraquencies.
Sinco (he parts affected (e, g. . bead oydballs aunds, and arme) are
at differant distanccs froin the vibe vk #curoe and probably difiey
considerably in natural frequency, exieat of tvapairognt wunil ditiey
according to the nature of the tark, (as appesred to ba the esdv 2a the
preseant study).

If anly meinanicel factors were oporativa, it raight be ¢x
. ted that higher amplitudes would produce consistently mors decre
thar ower amplitudes at a given frequency. Thiz war uo?
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_______

TRV
“ - - ~
U ——_ L A A U AR
, e~ e R R T TR YONONY TH LR THVEY "
t'“\‘r" -
’ .-R .."

- 4




st 1 aR A
e han Ang pea:ges 209 4% } R

.+ regarding impairment of visual acuity at .’

vade in auming tremor at 2% or 35 cps. It i3 possibi.
agher {requencies the higher amplitudes brought compensan
nisms into play, while the ower amplitudes did not, (Thie ‘e :n
accord with Coermann's interpretation.) On the othar hand, the t5
cpy .ibraiion, being considerably less atlenuated than vibrations ot
25 and 35 cps, may have been so large at the higher amplitudes that
compenaation was not feastible,

An alternative explanation might be that inconsistent differ-
entiul effects betwean ampliitudes at a given frequency inight reflect
changes in body position or body attitade (slumped or upright, relaxed
or tense} which would altar the sttenustiion characteriatic2. This
latter interpretation would not explain why differencez between levels
were sa much more pronounced and consictent &t i5 cps than at 25
and 38 cps. A fuiure experizment might minitnize this facter by de-
liberataly controlling body attitude,

Staternents ag to differential effects at various frequencies
and interpretations of such effects should await the results of more
extensive studies, smploying larger numbers of subjects. Resuits
of this study do not entirely agree with Coermann's. He reports a
greatevr tremor at low amplitudes than at bigh amplitudes ot a givea
frequency and implies that this effect is due to compensation on the

| pari of the subject, It is not clear, however, whether he is talking
about tremor during vibration or after vibration. In the frequoncy

range in which the experiment was performed, his after-effecta were
nil, as they were in this study. Raesulta ai the higher frequencies in
this etudy (close to Coermann’s lower frioquencies) suggnet 'hat some
sort of compensaiion on the part of the subject may have bes operating.

V. SUMMARY _
-
Moan "annoyance' and "f{olerance levele under vibratios
were obtained for 13 laboratory personnel at 15, 25, and 35 r;;/
sinusoidal vibrations. Arbitrary "light" levels wers se Kt the mean
annovance levelo, awnd "hesvy" levels were set at valqCs intermediate
betwaen the annoyence and tolerance levels, AIL-18 subjects ware
exposed o both low and high levels of vibr»’..4a; & &t 15 cps; 6 at 25
cph; and & at 35 cps. The 18 subjscts v.efe tested for visua) scuity,
tremor in a supporied hond, and »'.uing trsmor. Tests were per-
formed once before exposure . ouy times during 2xpesurs, and onc»
after exposure to sach v/ ~rRtivi condiclon, s 115 -decibei noiex
ndition, and a cew’ . Ol apadition, Generally apeaking, during
v v T -cklty was fropaired and manusl tremor and o
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tor verenereased whils noise had no =ffect. Fffel = w
f roncunced at 15 cps than at the higher frequencies. Clrar . .
diffe ~ential effccts between *'light” and "heavy" vibration were sre .
vnly at lower irequencies. Posaible explanations for the laticr reaui.
were diccussad.

V1. RECOMMENDATIONS

Exteusive curves for visual acuity, aiming tramor, ané manual
tremor during vieration should be ottained, employing a greater
variety of frequencies sad wmplitudes and & greater naxck- . of ex;b("
jects in various body positions and attitudes.

When hand ~eye coordixation is important (e.g., ir ££ng » gun),
cas » chould be taken io reduce vibration, eRpecis g
frequencies. g5

(
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